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1
ENGINE INLET

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to aircraft.
More specifically, the subject disclosure relates to inlet ducts
for aircraft engines. Engines in some aircraft, for example,
helicopters, are positioned such that there is an inlet duct
opening at each lateral side of the airframe. Inlet airflow to the
engine enters the inlet duct openings and travels down a
bifurcated, or split, inlet duct before reaching the engine inlet.
Such a configuration often results in significant pressure and
flow distortion at yaw angles of the aircraft. Ram pressure
effects on the inlet duct side facing freestream air increases
the pressure in that leg of the bifurcated duct, while the
pressure in the leg of the bifurcated duct in the “flow shadow”,
or partially obscured by the airframe, is significantly less,
resulting in engine inlet distortion adversely affecting engine
performance.

Further, some aircraft require reverse flight operations
which also results in significant engine inlet pressure and flow
distortion when utilizing the typical bifurcated inlet duct.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, an inlet duct for
an engine, or multiple engines, includes two or more inlet
duct legs and a flow relief pathway located at each inlet duct
leg to balance airflow from the inlet duct legs to reduce
distortion at the engine interface.

According to another aspect of the invention, an inlet duct
for an engine or multiple engines includes or more inlet duct
legs and a bypass leg extending from an inlet duct leg of the
one or more inlet duct legs through a bypass opening.

According to another aspect of the invention, an aircraft
includes a fuselage and an engine located in the fuselage. Two
or more duct openings are located at the fuselage and an inlet
duct extends from the two or more duct openings to the
engine. The inlet duct includes two or more converging inlet
duct legs and a flow relief pathway located at each inlet duct
leg to equalize a pressure distribution of an inlet flow from the
inlet duct legs at the convergence.

According to another aspect of the invention, an aircraft
includes a fuselage and one or more engines located in the
fuselage. One or more duct openings are located at the fuse-
lage and an inlet duct extends from the one or more duct
openings to the engine. The inlet duct includes one or more
inlet duct legs and a bypass leg extending from an inlet duct
leg of the one or more inlet duct legs through a bypass open-
ing.

According to yet another aspect of the invention, a method
of operating an aircraft includes urging an inlet airflow into
two or more duct openings disposed at a fuselage of the
aircraft. The inlet airflow is urged through two or more con-
verging inlet duct legs extending from the two or more duct
openings toward an engine inlet. A portion of the inlet airflow
is flowed from at least one inlet duct leg of the two or more
inlet duct legs into a flow relief pathway.

According to yet another aspect of the invention. a method
of operating an aircraft includes urging an inlet airflow into
one or more duct openings disposed at a fuselage of the
aircraft. The inlet airflow is urged through one or more inlet
duct legs extending from the one or more duct openings
toward an engine inlet. A portion of the inlet airflow is flowed
from the one or more inlet duct legs through a bypass leg
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2

extending from the one or more inlet duct legs, and the portion
of inlet airflow is flowed through a bypass opening in the
fuselage.

These and other advantages and features will become more
apparent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter, which is regarded as the invention, is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The foregoing and other
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a schematic side view of an embodiment of a

helicopter;

FIG. 2 is a schematic plan view of an embodiment of a
helicopter;

FIG. 3 is a schematic view of an embodiment of an engine

inlet duct for an embodiment of a helicopter;

FIG. 4 is a schematic view of another embodiment of an
engine inlet duct for an embodiment of a helicopter; and

FIG. 5 is a schematic view of yet another embodiment of an
engine inlet duct for an embodiment of a helicopter.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

Shown in FIG. 1 is a schematic of a rotary wing aircraft, in
this embodiment, a helicopter 10. While the description of the
embodiments herein are applied to a helicopter 10, it is to be
appreciated that other forms of aircraft including fixed wing
and rotary wing aircraft would benefit from the disclosure
herein. The helicopter 10 includes a main rotor assembly 12,
and a fuselage 14 having an extending tail 16. An engine 18 to
drive the main rotor assembly 12 is located in the fuselage 14,
with substantially forward-facing inlet duct openings 20
located at each lateral side 22 of the fuselage 14, as best
shown in FIG. 2. As shown in FIG. 2, the duct openings 20 in
the fuselage 14 direct airflow 24 into a bifurcated inlet duct 26
having two duct legs 28. The duct legs 28 converge at an
engine inlet 32 of the engine 18.

In some embodiments, as shown in FIG. 3, the inlet duct 26
includes a pressure relief pathway, a balance tube 34, extend-
ing between the two duct legs 28. The balance tube 34 is a
hollow structure that may be of any suitable cross-section, for
example, oval or circular, located upstream of the engine inlet
32. The balance tube 34 allows cross-flow between the duct
legs 28 and is sized to provide a selected amount of flow
between the duct legs 28. Allowing cross-flow between duct
legs 28 is beneficial to release excess pressure to a first duct
leg 28a from a second duct leg 286 to equalize a pressure
distribution at the engine inlet 32 by equalizing a pressure
between the two duct legs 28, thereby reducing inlet distor-
tion effects at the engine inlet 32, for example, during forward
flight yaw maneuvers of the helicopter 10.

In operation, when the helicopter 10 is, for example,
engaged in forward flight as indicated by travel direction 36,
it may perform maneuvers that result in yaw angles 38 relative
to the travel direction 36. The maneuver results in an orien-
tation of the helicopter 10 such that a first duct opening 20q is
partially blocked by the fuselage 14 to incoming airflow 24,
while a second duct opening 205 on an opposite side of the
fuselage 14 is freely exposed to the incoming airflow 24. In a
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typical aircraft, this results in an imbalance in the airflow
entering the two duct openings 20a and 205, and different
pressures in the two duct legs 28. This imbalance can be so
severe as to see air flow 24 exiting the partially blocked duct
opening 20q. In helicopter 10, however, a portion of the
airflow 24 into duct opening 205 and second duct leg 285 in
excess of the airflow 24 into duct opening 20a is diverted
through the balance tube 34 to the first duct leg 284, corre-
sponding to duct opening 20a. The airflow 24 pressure at the
two duct legs 284 and 285 is thus equalized downstream of the
balance tube 34 and at the engine inlet 32 and allowing a
similar massflow into the partially blocked duct opening 20a
that may have had reverse flow without the balance tube 34, as
the massflow in the unblocked duct opening 205.

In other embodiments, as shown in FIG. 5, the arrange-
ments described herein may be utilized in aircraft having two
engines 18, with each duct leg 28 directing flow to one of the
engines 18. As shown, the balance tube 34 directs excess
airflow 24 from the second duct leg 285 to the first duct leg
28a, thus balancing inlet flow to the two engines 18.

In another embodiment as shown in FIG. 4, the inlet duct
26 includes a bypass leg 42 extending from the two duct legs
28. Each bypass leg 42 has a bypass opening 44 in the fuse-
lage 14 at an end of the bypass leg 42. In some embodiments,
the bypass legs 42 extend in a substantially opposite direction
from the duct legs 26, in a substantially rearward direction
relative to the helicopter 10. The bypass openings 44 allow for
releasing of excess airflow 24 in the duct legs 26 via the
bypass legs 42 and bypass openings 44, such as excess airflow
24 resulting from a massflow higher than the engine 18 can
consume caused by flight speed. In operation, when the heli-
copter 10 is traveling at speeds sufficient to supply a higher
masstlow than the engine 18 consumes, the excess airflow 24
through duct opening 20a and duct leg 28a is vented through
bypass leg 424 and exits from bypass opening 44a. Similarly,
excess airflow 24 into duct leg 285 is vented through bypass
leg 425 and exits from bypass opening 445b. The airflow 24
that would have resulted in spillage, and the inherent associ-
ated drag penalty, is thus allowed to remain at a higher veloc-
ity with reduced drag. The excess airflow 24 also creates a
lower velocity flow at the inlet opening 20 thereby signifi-
cantly and adversely affecting the boundary layer and degrad-
ing inlet performance, a negative impact that is corrected via
the venting of the excess airflow 24 through bypass legs 42
and bypass openings 44. The flow at the engine inlet 32 is
stabilized at a higher velocity and reduced drag.

The bypass legs 42 are further beneficial during rearward
flight of the helicopter 10 as inlets for airflow 24. Because of
the rearward flight direction along a travel direction 46, air-
flow 24 enters the bypass openings 44 and flows along the
bypass ducts 42 to the engine inlet 32. At the engine inlet 32,
the airflow 24 enters the engine 18. In the case of a pressure
surge, pressure may be vented through the bypass openings
44 via the bypass ducts 42. This is particularly useful for
dissipating overpressurizations such as hammershock.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
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to be seen as limited by the foregoing description, but is only

limited by the scope of the appended claims.

The invention claimed is:

1. An inlet duct for an engine comprising:

5 two or more inlet duct legs directly coupled to one another
and converging at a single duct outlet, the duct outlet
directly coupled to an engine inlet of a single engine; and

a flow relief pathway disposed at each inlet duct leg, the

flow relief pathway being arranged upstream of the duct
outlet to condition an inlet airflow from the inlet duct
legs at the engine inlet for substantially axial flow of the
inlet airflow into the engine inlet.

2. The inlet duct of claim 1, wherein the flow relief pathway
equalizes an inlet airflow pressure distribution upstream of
15 the engine inlet.

3. The inlet duct of claim 1, wherein the flow relief pathway
comprises a balance tube extending from a first inlet duct leg
to a second inlet duct leg.

4. The inlet duct of claim 3, wherein the balance tube has a

20 substantially circular cross-section.

5. An inlet duct for an engine comprising:

two or more inlet duct legs directly coupled to one another

and converging at a single duct outlet, the duct outlet
directly coupled to an engine inlet of a single engine for
substantially axial flow of an inlet airflow into the engine
inlet; and

a bypass leg extending from an inlet duct leg of the two or

more inlet duct legs through a bypass opening, the
bypass leg extending from the inlet duct leg upstream of
the engine inlet.

6. The inlet duct of claim 5, wherein the bypass leg extends
in a substantially opposite direction as the inlet duct leg.

7. The inlet duct of claim 5, wherein the bypass leg is
configured as a flow inlet under selected conditions.

8. An aircraft comprising:

a fuselage;

an engine disposed in the fuselage;

two or more duct openings in the fuselage; and

an inlet duct extending from the two or more duct openings

to the engine including:

two or more inlet duct legs directly coupled to one
another and converging at a single duct outlet, the duct
outlet directly coupled to an engine inlet; and

a flow relief pathway disposed at each inlet duct leg, the
flow relief pathway being arranged upstream of the
engine inlet to equalize a pressure distribution of an
inlet flow from the inlet duct legs at the engine inlet for
substantially axial flow of the inlet airflow into the
engine inlet.

9. The aircraft of claim 8, wherein a first duct opening of the
two or more duct openings is disposed at a first lateral side of
the fuselage and a second duct opening of the two or more
duct openings is disposed at a second lateral side of the
fuselage opposite the first lateral side.

10. The aircraft of claim 8, wherein the two or more con-
verging duct legs converge at an engine inlet opening.

11. The aircraft of claim 8, wherein the flow relief pathway
comprises a balance tube extending from a first inlet duct leg
to a second inlet duct leg.

12. The aircraft of claim 11, wherein the balance tube has
a substantially circular cross-section.

13. An aircraft comprising:

a fuselage;

an engine disposed in the fuselage;

one or more duct openings in the fuselage; and

an inlet duct extending from the one or more duct openings

to the engine including:
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two or more inlet duct legs directly coupled to one
another and converging at a single duct outlet, the duct
outlet directly coupled to an engine inlet of a single
engine for substantially axial flow of an inlet airflow
into the engine inlet; and
a bypass leg extending from an inlet duct leg of the two
or more inlet duct legs through a bypass opening, the
bypass leg extending from the inlet duct leg upstream
of the engine inlet.
14. The aircraft of claim 13, wherein the bypass leg extends
in a substantially opposite direction as the inlet duct leg.
15. The aircraft of claim 13, wherein the bypass leg is
configured as a flow inlet under selected conditions.
16. The aircraft of claim 14, wherein the selected condi-
tions include rearward flight.
17. A method of operating an aircraft comprising:
urging an inlet airflow into two or more duct openings
disposed at a fuselage of the aircraft;
urging the inlet airflow through two or more inlet duct legs
directly coupled to one another and extending from the
two or more duct openings converging at a single duct
outlet, the duct outlet directly coupled to an engine inlet
of a single engine; and
flowing a portion of the inlet airflow from at least one inlet
duct leg of the two or more inlet duct legs into a flow
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relief pathway arranged upstream from the engine inlet s

for substantially axial flow of the inlet airflow into the
engine inlet.
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18. The method of claim 17, wherein flowing a portion of
the inlet airflow into a flow relief pathway comprises:
flowing a portion of the inlet airflow from a first inlet duct
leg through a balance tube connecting the first inlet duct
leg and a second inlet duct leg; and
flowing the portion of the inlet airflow into the second inlet
duct leg.

19. A method of operating an aircraft comprising:

urging an inlet airflow into two or more duct openings
disposed at a fuselage of the aircraft;

urging the inlet airflow through two or more inlet duct legs
directly coupled to one another and extending from the
two or more duct openings converging at a single duct
outlet, the duct outlet being directly coupled to an engine
inlet of a single engine for substantially axial flow of'the
inlet airflow into the engine inlet;

flowing a portion of the inlet airflow from a first inlet duct
leg through a bypass leg extending from one or more
inlet duct legs, the bypass leg extending from the one or
more inlet duct legs upstream of the engine inlet; and

flowing the portion of inlet airflow through a bypass open-
ing in the fuselage.

20. The method of claim 19, further comprising flowing the

inlet airflow into an engine inlet.
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